Abstract. We tracked six female raccoons (Procyon lotor) from June 1997 to October 1999 on the in Hokkaido, Japan and examined the distribution of home range characteristics, habitat selection, and interaction among individuals to identify the factors that affect seasonal spacing patterns. Female raccoons maintained home ranges throughout the year. Habitat use changed seasonally, with frequent use of wetlands and riparian areas between March and August, and higher use of forests from September to December. Home ranges overlapped broadly, but the core areas were generally exclusive of each other. Female raccoons are likely to have stable home ranges through a year to secure the various resources (food, water, and resting site) that are required and select the habitat associated with food resource available within each home range. This spacing pattern among female raccoons was similar to that in their native habitat and was consistent with the general mammalian pattern where female distribution was affected by resources. The control of this non-native species should focus on the aquatic areas during spring to summer.
The raccoon (Procyon lotor) has been introduced from its native habitat in the U.S.A. and Canada to Japan mainly in the last few decades. It has rapidly colonized in Japan and is now one of the most abundant mediumsized carnivores on the island of Hokkaido. However, little is known about spacing pattern of raccoons in Hokkaido (Kurashima and Niwase 1998) .
The spacing pattern of individuals within a population is determined by the optimal strategy of individual animals to survive and maximize their reproductive success (Sandell 1989) . Since female raccoons are solitary (Barash 1974; Kaufmann 1982) , their reproductive success is correlated with the amount of energy they can allocate to reproduction (Clutton-Brock 1989) . Therefore, their spacing pattern within a population may be affected strongly by the seasonal distribution of resources, particularly food (Macdonald 1983; Sandell 1989) . Such information is necessary not only for the recognition of ecology of raccoons, but also for the control of introduced raccoons.
In the current study we examine home range characteristics and distribution, habitat selection, and behavioral interactions among six radio-collared female raccoons. From these results we describe factors affecting seasonal distribution on Hokkaido, and compare them with patterns reported in the literature for raccoons in their native range.
Study area
The study was conducted in a 1,043-ha part of the Tomakomai Experimental Forest of Hokkaido University (TOEF; 42°40'N, 141°14'E) in Hokkaido, Japan. The mean annual temperature is 5.6°C and the mean annual precipitation is 1,166 mm. In winter, severe cold and the thinness of the snow cover cause soil freezing of more than 70 cm in depth. Habitats were classified according to the vegetation and topographic features into 5 types: 1) natural forest I (tree height >10 m), 2) natural forest II (tree height £10 m), 3) artificial forest, 4) marsh *To whom correspondence should be addressed. E-mail: toru@exfor.agr.hokudai.ac.jp and riverside, and 5) other (Fig. 1) . Natural forest I was dominated by Quercus crispula Blume, Tilia japonica Simonkai, Kalopanax pictus Nakai, Fraxinus lanuginosa Koidz, and Acer mono Maxim. Natural forest II was similar in tree species component to natural forest I, but differed in stand age, structure and canopy closure. Artificial forest was dominated by Larix leptolepis Gordon and Picea glehnii. Marsh and riverside was open, wet area with standing water, dominated by Alnus japonica Steud and Phragmites spp. The "other" classification included urban areas, a golf course and barren areas.
Materials and methods
We concentrated our capture and monitoring efforts around the Yuufutsu River in the TOEF from June 1997-May 1999. We captured 6 female raccoons using a Havahart live trap (81 × 26 × 32 cm) baited with snacks and cat food (Table 1) . After capture, raccoons were immobilized with ketamine hydochloride (Bigler and Hoff 1974) , and their weight, total length, tail length, hind foot length and ear length were measured. The 6 female raccoons were fitted with radio-collars (Advanced Telemetry Systems Inc., Isanti, MN, U.S.A.) weighing an average of 102 g, which represented about 2.0% of the average body weight. We assume that the effects of these light weight collars on raccoon behavior were minimal or non-existent.
From June 1997 to October 1999, we tracked the radio-collared animals and recorded 3,564 locations. Radio-collared raccoons were located by triangulation (Kenward 1987 ) with portable telemetry equipment from known positions along roads. We tracked all raccoons during the day, 3-5 times a week and recorded only one location per raccoon each day. A nocturnal tracking period was conducted from sunset to midnight and from midnight to sunrise or until raccoons became inactive. We tracked 3-5 raccoons each night, following an individual animal for one hour. Tracking periods were distributed evenly throughout the night. We did not record nocturnal locations when raccoons had not moved for 2 hours. In agreement with Lair (1987) , for the aims of our study, we did not look for statistical independence (Swihart and Slade 1985) of successive locations, but for their biological independence (Lair 1987) . We assumed that the systematic sampling scheme and a time interval of 60 minutes were sufficient to attain biological independence (Lair 1987; McNay et al. 1994) . We treated home ranges estimated from different years as different samples.
We partitioned the radio telemetry data into two periods based on biological and environmental phenomena. Period 1 (March-August) represented the mating season. Period 2 (September-December) represented the period when fruits (e.g., Actinidia arguta Planch) ripened. The data for winter (January-February) were excluded from all analyses, since raccoons on the TOEF are mostly inactive at that time.
Home range and core area boundaries were estimated using the 95% and 50% fixed-kernel method (FK; Worton 1989 ). We used all locations to estimate home range and core areas for each radio-collared raccoon. We calculated the use distribution using a grid of 50-by-50 cells and bandwidth selected by least-squares crossvalidation (LSCV). The kernel model has an advantage compared to some other models in that it does not assume a particular shape, and is robust to variable sample sizes (Worton 1989 ). An FK home range using a bandwidth selected by LSCV provided the least-biased estimate of home range size and shape (Worton 1995; Seaman and Powell 1996; Seaman et al. 1999) . Ninetyfive percent isopleths were derived with the program Animal Movement extension to ArcView ver.1.1 (Hooge and Eichenlaub 1998) in order to estimate availability from all locations and an individual's seasonal and annual home range. Differences between seasonal variations of home range size were analyzed with the MannWhitney U-test.
To estimate home range stability between seasonal periods and to assess intra-sexual interaction, the overlap of home ranges and core areas was examined. Overlap of home ranges and core areas was calculated by mean overlap (Minta 1992 ). Mean overlap is the geometric mean of the product of the ratios of the overlap size to the home range size.
Mean overlap = where 0 < mean overlap < 1. A mean overlap of 1 is calculated for two home ranges of identical size exhibiting 100% overlap.
A habitat map of the study area was created by digitizing the habitat contours from aerial photos using ArcView GIS (Version 3.1, ESRI, Redlands, CA, U.S.A.). A habitat-type composition for each home range was determined by overlaying the polygons with the habitat map. Habitat selection was determined by comparing habitat use and availability within each raccoon's home range. Habitat use by radio-collared raccoons was determined by the proportion of habitat types within a 50 m circular area around active locations. Habitat type availability was determined as proportions of each habitat type within each home range. Most fixes were taken from a distance of less than 100 m and were accurate enough to use a 50 m circular buffer as a basis for the location data. Significant differences between use and availability were determined by the c 2 -test and Bailey's confidence intervals (Neu et al. 1974; Byers et al. 1984; Cherry 1996) .
Results

Home range and core area
We estimated 20 home ranges (95%FK) and core areas (50%FK) for the 6 individuals (Table 2 ). There was variation in home range size among individual females and years (Table 2 ). There were no significant differences in the mean home range size between period 1 and period 2 (home range; Z = -0.378, P = 0.739). Compared with the home range, there were larger variations in the core area size among individuals, years and periods (Table 2) . Core area size for raccoons No. 1, No. Individual home ranges overlapped between the periods (Fig. 2) . There was little variation in mean overlap of individual home ranges between period 1 and period Fig. 2 . Individual home ranges (95%FK) of the six female raccoons on the TOEF, Hokkaido, Japan (A, period 1 1998; B, period 2 1998; C, period 1 1999; D, period 2 1999). Numbers represent the individual animal number; see Table 1 for additional information.
2 (Table 3) . On the other hand, there was considerable variation in mean overlap of individual core areas between period 1 and period 2 (Table 3 ). The core areas of No. 1 (1999 ), No. 3 (1999 and No. 4 (1999) changed considerably with the two periods, while the core areas of No. 4 (1998) , No. 5 and No. 6 changed little.
Interactions among adjacent females
Adjacent females tended to share large portions of their home range ( Fig. 2 ; Table 4 ). There were no significant differences in mean home range overlap for adjacent raccoons between period1 and period 2 (Z = -0.630, P = 0.574). Except for No. 1-No. 2 pair (period 1, 1998; period 2, 1999) and No. 2-No. 4 pair (period 2, 1998; period 2, 1999), the core areas of adjacent females overlapped only slightly or not at all ( Fig. 3 ; Table 4 ). There were no significant differences in mean core area overlap for adjacent raccoons between period1 and period 2 (Z = Fig. 3 . Individual core areas (50%FK) of the six female raccoons on the TOEF, Hokkaido, Japan (A, period 1 1998; B, period 2 1998; C, period 1 1999; D, period 2 1999). Numbers represent the individual animal number; see Table 1 for additional information. Habitat selection There were no significant differences in habitat use among female raccoons (period 1; c 2 = 2.737, df = 9, P = 0.974, period 2; c 2 = 3.672, df = 9, P = 0.932). Therefore, the data for all individuals was pooled to analyze habitat selection. Habitat composition of home ranges was not significantly different between period 1 and period 2 (c 2 = 1.388, df = 4, P = 0.855). Habitat use was significantly different between period 1 and period 2 (c 2 = 14.076, df = 4, P < 0.01). The proportions of both available and utilized habitat types differed significantly in both periods (period 1; c 2 = 86.124, df = 4, P < 0.0001, period 2; c 2 = 26.912, df = 4, P < 0.0001, Table 5 ). During period 1, the female raccoons used marsh and riverside (P < 0.0001) more than expected, whereas natural forest I (P < 0.05) and artificial forest (P < 0.0001) less than expected. During period 2, the female raccoons used natural forest II (P < 0.05) more than expected.
Discussion
Home range and core area There was variation in the home range size among individual females, but the size of each home range did not change among seasonal periods. Individual home ranges also overlapped between periods. While individual home ranges are stable throughout the year, core area use differed between periods 1 and 2 among individuals and between years. There was also larger variation in core area size than home range size among individuals.
Spacing pattern within a raccoon population has been shown to reflect the distribution of food and water resources (Stuewer 1943; Lotze and Anderson 1979; Kaufmann 1982) , availability of resting sites (Walker 1995) , and other natural phenomena (e.g., weather conditions; Glueck et al. 1988 ). Since such factors fluctuate seasonally, home range size may vary among seasons (Stuewer 1943; Johnson 1970) . However, on the TOEF, home range size of individuals did not vary among seasons and females maintained the same home range during the year, while habitat use within a home range changed seasonally. In a northern area like Hokkaido, snow cover may limit raccoon activities and distributions, but because we excluded data for winter (January to February) from all analyses this is not an issue that can be addressed in the current study. Female home ranges may also be affected by the availability of resting sites (Walker 1995) and the affinity raccoons have for water (Stuewer 1943; Lotze and Anderson 1979; Kaufmann 1982) . The stability of the home ranges in our study area may reflect the diversity of habitat features available in the TOEF.
Core area size was different between individuals and for the same individual between years. The core area reflects concentrated activity in a given period. For example, during summer, females consistently use tree cavities for parturition and rearing of young (Endres and Smith 1993) , or may concentrate their activities in areas with seasonally abundant food or water (Johnson 1970; Greenwood 1982) . Core area use therefore reflects the spatial and temporal distribution of resources (availability of rearing sites, food resources, aquatic habitats) within each home range. Further research in our study area would help clarify the factors allowing for stable home ranges and fluctuations in core area use.
Interaction of adjacent females
Home ranges have been shown to overlap broadly among female raccoons (Johnson 1970; Urban 1970; Fritzell 1978; Tabatabai and Kennedy 1988) . In this study, adjacent females tended to share a large portion of their home range in both periods. Raccoons generally are solitary (Barash 1974; Kaufmann 1982) and solitary carnivores may develop a system of overlapping ranges when the resources are varied in space and time (Macdonald 1983; Carr and Macdonald 1986; Sandell 1989) . On the TOEF, habitats associated with the principal food resources available for raccoons, aquatic animals in period 1 and fruits plants in period 2, may be fragmented and widely dispersed. On the other hand, almost all core areas of adjacent females overlapped only slightly or not at all. The separation of core areas may reflect attempts to keep minimum distances, avoiding contact with other adults and minimizing competition 2) **, * significant level at P < 0.0001, P < 0.05. (Mech et al. 1966; Schneider et al. 1971) . A few adjacent females (e.g., No. 2-No. 4 pair) had overlapping core areas. Such overlaps have been attributed to kinship, because of male-biased natal dispersal (Gehrt and Fritzell 1998a) .
Habitat selection
In this study, during March to August (period 1), female raccoons used marshes and riversides frequently, but shifted to natural forest II from September to December (period 2). Raccoons are omnivorous and opportunistic (Kaufmann 1982 ), but they are selective when a variety of foods are available (Tabatabai and Kennedy 1988) . Despite the great variety of foods eaten in different localities, raccoons in most habitats throughout their range generally follow the same pattern of seasonal diet changes. During spring and summer, the diet is associated with food resources in aquatic areas (Stuewer 1943; Lotze and Anderson 1979; Kaufmann 1982) . In the autumn, plants, especially fruits and acorns, are more important than animals (Johnson 1970; Smith et al. 1987) . Like previous research in their native habitats (Stuewer 1943; Johnson 1970; Lotze and Anderson 1979; Kaufmann 1982; Smith et al. 1987) , female raccoons in our study appeared to select the habitats with seasonally available food resources. It was somewhat surprising that female raccoons did not select natural forest I, a habitat that can provide fruits and plants from September to February. Further research would help clarify the relationship between habitat use and fruit plant distribution on the TOEF.
Home range, core area, and habitat use of female raccoons on the TOEF was similar to that of raccoons in their native habitat (e.g., Gehrt and Fritzell 1998b) and consistent with the general mammalian pattern where female distribution is affected by resources (Rowell 1988; Clutton-Brock 1989; Sandell 1989) . Further studies of this population's social organization and its effect on habitat selection might help confirm that introduced raccoons behave as they would in a native habitat.
The introduction of exotic species is one of the four most important causes of native species extermination (Diamond 1984) and can also be a detriment to human activities such as agriculture, forestry, and fisheries. Based on our study, effective control of this species should focus on aquatic habitat, such as riversides and marches during spring and summer, when raccoons concentrate their activities in these habitats.
